Objective: Preprocedural computed tomography angiography (CTA) assists in evaluating vascular morphology and disease distribution and in treatment planning for patients with lower extremity peripheral artery disease (PAD). The aim of the study was to determine the predictive value of radiographic findings on CTA and technical success of endovascular revascularization of occlusions in the superficial femoral artery-popliteal (SFA-pop) region.
Recent improvements in computed tomography angiography (CTA) have increased image quality and decreased acquisition time. [1] [2] [3] As the distribution of disease is often found in multiple arteries, CTA can evaluate peripheral artery disease (PAD) from the abdomen to the feet in a single study. Disease burden can be assessed according to lesion length, location, and vascular morphology. 1 This information allows the operator to plan for intervention with regard to positioning of the patient, access sites, and treatment approach. 4 Studies on the clinical utility of CTA before endovascular intervention are limited; in current practice, physical examination, duplex ultrasound (DUS), and overall clinical judgment generally determine the need for additional imaging before intervention. 5, 6 This study sought to evaluate whether preoperative CTA is predictive of endovascular technical success in treating occlusions in the superficial femoral and popliteal (SFA-pop) arteries. Previous work regarding chronic occlusions in the coronary arteries evaluated coronary computed tomography findings and the ability to predict difficulty in lesion crossing on the basis of preoperative radiographic findings. 7, 8 We evaluated the radiographic characteristics of occlusions in the SFA-pop region with regard to endovascular treatment outcomes.
METHODS
This retrospective observational study at a single academic institution evaluated lower extremity CTA before endovascular intervention. This study was performed after approval was obtained from our institution's Institutional Review Board. Consent of the patients was waived, given the retrospective nature of the study. Between January 2013 and December 2015, a review of medical records and available imaging studies was performed for patients undergoing endovascular intervention for PAD. Demographics of the patients, prior interventions, preoperative CTA scans, intraoperative details and imaging, and follow-up records were collected and analyzed.
Preoperative CTA evaluation. We collected all records for patients undergoing endovascular intervention for PAD during the study period. Interventions for acute limb ischemia were excluded. Patients were included if CTA was performed within 13 months of intervention and was available for radiographic review. Intraoperative angiograms were then evaluated to see if the intervention included an occlusive lesion in the SFA-pop region, defined as absence of contrast material through a part or the entire length of the vessel. The corresponding CTA scans were then reviewed by radiologists. Patients without an occlusion in the SFA-pop region on intraoperative angiography were excluded from further analysis.
CTA methodology. Radiographic records were queried to determine if preoperative CTA scans were performed at the study institution. Timing of CTA scans before endovascular intervention was noted. Radiation exposure in the form of milligrays and iodinated contrast agent volumes were noted. At the study institution, it is routine when CTA is ordered to perform CTA of the abdomen with runoff from just above the celiac artery to the feet. Initial noncontrast-enhanced 3-mm axial images are acquired through the abdomen and pelvis. A bolus injection of contrast material followed by a saline flush is administered through a peripheral intravenous line, and contiguous axial images are acquired through the abdomen and pelvis with bilateral lower extremity runoff during the systemic arterial phase at 1-mm and 5-mm slice thicknesses. Maximum intensity projection, curved planar, and three-dimensional reformations are performed at an independent workstation. CTA evaluation. A cardiovascular radiologist reviewed all preoperative CTA scans with occlusions in the SFApop region, and findings were confirmed by a second cardiovascular radiologist. Scans were blinded to the results of endovascular technical success to treat the occlusive lesion in the SFA-pop region. Radiographic findings previously described to characterize chronic occlusions in the coronary arteries were adapted for evaluation of the occlusions in the SFA-pop region. 7, 8 TransAtlantic Inter-Society Consensus (TASC) II scores, 6 lesion length, negative remodeling, percentage of vessel calcification, multiple occlusions, and tibial vessel runoff were noted during the evaluation. Negative remodeling was noted as the ratio of the minimum diameter in the occlusive lesion divided by the adjacent patent normal vessel (ie, without lumen compromise) diameter. Percentage of vessel calcification notes the highest percentage of calcium occupying the crosssectional area of the occluded vessel segment. The length of multiple occlusions was the additive lengths of occluded vessel segments.
Intraoperative outcomes. Our primary outcome was technical success in crossing the occlusion with restoration of inline flow and <30% residual stenosis on angiography at the end of the procedure. Patients for whom no attempt was made to cross the lesion were excluded from analysis of this outcome. We also collected the total procedure time, fluoroscopy time, radiation exposure in the form of milligrays, and contrast material volume used during each endovascular procedure. If a concomitant common femoral endarterectomy or iliac intervention was performed, this was also recorded. The use of re-entry devices, noncatheter-based crossing devices, and distal retrograde access was also evaluated.
Short-term procedural patency. Primary and cumulative patencies were investigated in patients who underwent successful endovascular intervention for occlusions in the SFA-pop region. We defined primary patency as freedom from follow-up DUS findings of peak systolic velocity ratio $2.5 or lack of flow. after a secondary intervention performed to preserve or to restore inline flow through the SFA-pop region.
Statistical analysis. Independent variables between groups were evaluated with t-test or Wilcoxon rank sum for continuous variables and c 2 or Fisher exact test for categorical variables. Variables associated with differences in successful crossing of the occlusion by univariate analysis were included in a multivariate analysis to determine factors independently associated with successful lesion crossing. Statistical analysis was performed using Stata version 14 (College Station, Tex). P values < .05 were considered significant.
RESULTS
During the study period, 407 patients underwent 540 endovascular procedures for lower extremity PAD. Preoperative CTA scans were performed in 217 patients (53.6%), and of these, 84 found occlusions in the SFA-pop region that were available for review. Of these 84 occlusions, 10 were not attempted to be treated endovascularly because of extensive disease or concomitant iliac intervention. Characteristics of these patients are noted in Supplementary Table (online only). The remaining 74 occlusions were attempted to be treated in 66 patients who define the study population. Of the 74 occlusions, 59 (80%) were successfully crossed and treated (Fig 1) .
Demographics for the patients who underwent an attempted crossing for 74 SFA-pop occlusions are noted in Table I . The average age of treated patients was 67.1 years, and 65% were male. No statistical difference was found regarding comorbidities, prior interventions, or indications for procedure for patients with successful or unsuccessful endovascular intervention. Preoperative CTA scans were performed at a median of 1.2 months (interquartile range [IQR], 0.3-3.1 months) before intervention, with 46% performed within 1 month and 71% performed within 3 months. Sixty-four percent of the CTA scans were performed at the study institution, with the remaining scans performed at outside institutions. Preoperative CTA scans used a median of 145 mL of iodinated contrast agent (IQR, 125-150 mL). The median radiation exposure was 41.6 mGy (IQR, 26.1-71.4 mGy).
The characteristics of the SFA-pop occlusions are reported in Table II time, fluoroscopy time, radiation exposure, and contrast agent use were similar between the successful and unsuccessful groups. Femoral endarterectomy and concomitant iliac intervention were also similar between the two groups. There was one use of distal retrograde access in the unsuccessful cohort compared with zero in the successful group. A distal re-entry device and ultrasound-guided crossing devices were used in the successful group, and a distal re-entry device was used once in the unsuccessful cohort. Median follow-up for the study population was 15.8 months (IQR, 8.6-27.8 months). There were six patient deaths during the follow-up period at an average of 13.6 months (range, 0.6-20) from initial endovascular intervention. Forty-six of the successfully treated occlusions (78%) were evaluated for patency at 6 months and 35 occlusions (59%) were evaluated for patency at 1 year. The primary patency rates of SFA-pop occlusions treated successfully at 6-month and 1-year intervals were 78% and 49%, respectively. The cumulative patency of SFA-pop occlusions treated successfully at 6-month and 1-year intervals was 96% and 86%, respectively. The midterm primary patency for 100% calcified occlusions was 100% at 6 months (n ¼ 3) and 67% at 1 year (n ¼ 3) compared with 76% at 6 months (n ¼ 43) and 48% at 1 year (n ¼ 32) for <100% calcified occlusions.
DISCUSSION
This study demonstrates that preoperative CTA findings are associated with technical success in endovascular treatment of occlusions in the SFA-pop region. Our main findings show that 100% calcified occlusions in the SFApop region were approximately nine times more likely to be associated with technical failure compared with lesser extent of calcification using basic catheter and wire endovascular techniques. The TASC II classification for femoral-popliteal lesions considers heavy calcification part of the criteria; however, no quantitative definition of heavily calcified lesions was described. 5 As CTA provides additional information compared with catheter-based angiography, noninvasive imaging may guide future treatment options with improvement to CTA technology. Previous work of chronic occlusions in the coronary arteries demonstrated vessel calcification as a predictor of technical failure of catheter-based treatment. This was first reported by Mollet et al 10 in describing calcification of coronary arteries found on preoperative CTA. Their series of 47 lesions found that calcification of >50% of the vessel cross-sectional area was an independent predictor of guidewire crossing failure. Similar follow-up studies of coronary CTA confirmed these findings regarding vessel calcification. [11] [12] [13] In a study of subintimal revascularization of occlusions in the SFA-pop region, Marks et al 14 found that gray-scale findings on DUS at the distal re-entry point were predictive of technical failure. Risk factors for development of vessel calcification include diabetes and chronic renal disease. 15 The length of the occlusive lesion was associated with technical failure in univariate analysis but not statistically significant in multivariate regression. We found two short occlusions, 1 and 3 cm in length, that were 100% calcified and not treated successfully, suggesting that for our cohort, 100% calcification rather than length of occlusion was associated more with technical failure. These two unsuccessfully treated short occlusions were found at the tibial trifurcation (TASC D definition), showing that the location of the lesion also contributes to technical success. Other radiographic findings, such as multiple occlusions, negative remodeling, and vessel runoff, were not found to be independent risk factors for technical failure.
A recently developed scoring system of the Japanese chronic occlusion registry used CTA findings to predict technical success and guidewire crossing times <30 minutes. 7 The coronary chronic occlusion lesion received a total score and was assigned to a difficulty group of easy, intermediate, difficult, or very difficult. In our study, we did not attempt to create a scoring system, given the limited number of patients, but development of a scoring criterion based on CTA findings to predict failure remains an interesting area of future work.
Although we note that difficult occlusions, including highly calcified occlusions, may be able to be crossed with retrograde techniques, crossing devices, and intravascular ultrasound, 16, 17 CTA findings may be useful in predicting when these techniques may be necessary. Our study also highlights that preprocedural CTA was used in approximately half of patients before endovascular intervention. This is considerably higher than reported literature of approximately 2% of patients who underwent or expected angiography during the same inpatient stay, with a large range between individual hospitals and geographic regions. 18 The large difference is due to the majority of the patients receiving preoperative CTA scans during an outpatient setting or imaging done at another facility. Because nearly half of patients had claudication symptoms, intervention was not performed immediately as a walking regimen was recommended as first-line therapy. Currently, there are no recommendations regarding indications for additional noninvasive imaging before intervention. As there are advantages to DUS, CTA, and magnetic resonance angiography (MRA), individual patient factors as well as imaging resource availability need to be considered. 19, 20 We were unable to compare DUS and CTA findings as many patients with preoperative CTA did not undergo additional DUS scanning. Correlating ultrasound and computed tomography findings may assist in determining the utility of additional imaging before intervention. We note that preoperative CTA scans are useful for a variety of reasons, including treatment planning. We note that 6 of the 10 patients with SFA-pop occlusions did not undergo attempted SFA-pop crossing because of concomitant iliac interventions or common femoral endarterectomies. This underscores the importance of considering all patient factors including frailty and comorbidities along with disease distribution and severity in choosing the appropriate treatment approach for each patient. Preoperative CTA can also influence providers to forgo an endovascular approach and to proceed directly with bypass in the case of severe disease. Shue et al 21 found that there was no effect on lower extremity bypass outcomes with CTA or MRA as the main preoperative image modaility, highlighting that tibial vessel targets are readily seen on CTA, excluding the need for conventional angiography. In addition, recent work found that CTA scans were accurate in vein mapping the size and quality of the saphenous vein, thereby eliminating the need for additional DUS vein mapping.
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Whether preoperative CTA scans help with technical success and long-term outcomes is an area of future research. In a previous study of MRA before renal artery balloon angioplasty and stenting, interventions with preoperative imaging showed reduced diagnostic angiographic runs and iodinated contrast agent use. 23 As noninvasive imaging continues to improve and becomes more available, the increased clinical utility may be elucidated over time. In deciding whether to obtain a preprocedural CTA scan, cost, radiation exposure, and contrast dye also need to be considered. On average, CTA used contrast agent volumes of 145 mL compared with 41 mL during our endovascular interventions, and this may preclude its use in patients with advanced kidney disease not yet on hemodialysis or patients with severe iodine allergies. Our endovascular technical success rates are similar to those of published reports. Previous reports have shown an approximately 80% to 90% success rate of treating occlusions in the SFA-pop segment. 13, 24, 25 We found that TASC C/D occlusions had poorer technical success rates compared with TASC A/B occlusions, which were treated with 100% success. These findings also show that vascular surgeons are being more aggressive with endovascular-based interventions for TASC C/D occlusions with recent endovascular advances and operator experience. As more physicians are incorporating an "endovascular first" treatment approach, more challenging occlusions are being aggressively treated. [26] [27] [28] This study contains limitations that warrant further discussion. First, the small number of failures makes it difficult to draw broad conclusions about CTA findings and endovascular technical success. As both the presentation of the patient and the distribution of arterial disease vary considerably, these findings may be difficult to apply to each individual patient. For example, the patient's vessel size, multiple levels of disease, and proximal vessel tortuosity can affect procedure outcomes. Furthermore, each surgeon's approach, technique, and experience can lead to varying outcomes. As vascular surgeons are able to treat the same disease with an open bypass, this also could have affected technical success outcomes with less aggressive attempts.
This study focused solely on occlusions in the SFA-pop region, given the higher success rate of iliac interventions and difficulty in assessing tibial vessels. 29 We focused on the SFA-pop region as this was a vessel segment that did not involve arterial branches and minimal tortuosity. Occlusions of the tibial arteries are difficult to analyze, given the small vessel caliber, timing of contrast dye, and varying anatomy. However, recent work by Kang et al 30 showed that calcification is also a predictor of technical failure in the tibial artery region, reinforcing our findings. Last, we note that it is difficult to predict long-term patency of successfully treated occlusions in the SFApop region. We found that there was a higher primary patency at 6 months and 1 year of successfully treated 100% calcified occlusions compared with occlusions with <100% calcification, therefore showing that it may be reasonable to attempt endovascular treatment of 100% calcified vessels. However, this conclusion is limited, given the small number of successfully treated lesions. Heterogeneity of patient factors, occlusion characteristics, operator technique, and treatment choice (eg, balloon angioplasty vs drug-eluting stent) makes it difficult to predict long-term outcomes according to CTA findings. As postoperative CTA scans are not routinely performed to evaluate changes in vessel flow, this also makes it difficult to study long-term patency. As with most studies, a larger evaluation of patients with preoperative CTA and similar radiographic characteristics may help guide future endovascular treatment recommendations.
CONCLUSIONS
This study demonstrated 100% vessel calcification as the best predictor of technical failure in endovascular 
